Introduction
This paper examines the usability of Blender and 3D Studio Max for a first-time user. Blender and 3D Studio Max are 3-dimensional (3-D) object modeling programs that are frequently used for modeling game objects. Both tools provide a graphical interface for model creation. Most game developers prefer a visual approach to design, because building graphics using a programming language and a graphics library, such as C++ with OpenGL is more time consuming, and requires a great deal of technical expertise. Development of a chess-based roleplaying game (RPG) is used to compare the overall usability, texture application, model aesthetics, and usefulness as a game design tool for these two products. This case-study was executed by building game objects in both tools and comparing the user experience, as well as the finished products.
Blender and 3D Studio Max are similar in many regards, but Blender has some features that make it preferable for a new game developer. The next section introduces game modeling tools in general, as well as Blender and 3D Studio Max, specifically. Section 3 provides an overview of the chess-based game that was used to test the usability of the products. The features used for comparison are also introduced in Section 3. The case study results are described in Section 4, and Section 5 provides justification for choosing Blender over 3D Studio Max.
Background & Related Work
Designing a game is a difficult task. The designer needs to plan what each object in the game will look like, how a particular object will interact with other objects and with the environment, and how the player can interact with the object. The designer also needs to make the game visually appealing to players. Planning for a 3-D game is more rigorous than planning a 2-D game. 2-D games are only viewed from one perspective when being played. This means that when a game object or environment is being modeled, it only needs to be appealing from that view. In a 3-D game, players can change their view. This forces the designer to make sure that every object looks appealing from every angle. This section presents an overview of how models are designed and created in Blender and 3D Studio Max. The features that are used to compare the two tools are also described.
In [2] and [7] the authors put forth criteria for comparing modeling tools as well as justifications for each exemplar. However, the authors do not compare specific tools using these criteria. In [5] the authors synthesize evaluations given to them from users of a specific modeling tool, and then make changes to the tool based on those evaluations. The case study described herein uses some of the criteria described in [2] and [7] , such as ease of use and ease of learning, but other criteria are disregarded, such as the availability of templates, because they are not relevant to the case study game.
Modeling Tools
A modeling program is a valuable tool for a designer who is building objects for use in a 3-D game. A modeling tool with a graphical interface, like Blender or 3D Studio Max, allows a user to create and edit objects in real time. A viewport displays the object as the user edits it. The designers use this viewport to see exactly how the changes they make affect the object. The viewport also allows the designer to see the object from many different angles, ensuring the finished product is designed precisely as intended. This section gives an overview of Blender and 3D Studio Max. There are other modeling tools that are popular within the game development community such as Maya and Unity. However, this paper compares only Blender and 3D Studio Max because they are tools that are commonly used by game developers with little or no experience and because one is open-source and the other is a commercial product.
Blender
Blender is an open source 3-D modeling software package. It was initially released in 2002 and a large community of designers and programmers participate on the forums as well as in the development of the software itself. New versions are released every few years, and minor updates and bug-fixes are released more frequently. The most recent version, 2.59, was released in 2011 and that is the version used in this study [3] . Blender is a popular tool, used mostly by small teams and individuals, because it is remarkably powerful.
3D Studio Max
3D Studio Max is a commercial 3-D modeling tool. 3D Studio has an established place in the market. It has been in existence for over 20 years, and the most recent version was released in 2011 by Autodesk [1] . 3D Studio Max is used by many game and entertainment companies, such as Mythic Entertainment. It is also a powerful tool, and it is maintained by professionals; however, it is expensive and the cost may be prohibitive for small companies or individual developers.
Methodology
In this section the game used as a test platform for comparing Blender and 3D Studio Max is described. The criteria for comparison are also presented.
The Game
It is important to understand the game used in this case study in order to understand the comparison between Blender and 3D Studio Max. The game, once completed, will be a chessbased role-playing game (RPG). The rules, movements, and pieces are adopted from chess. A rook in this game has the same valid movements as a rook in standard chess. The win condition is also the same: capture the enemy's king. In addition to the standard chess rules, there are rules that are unique to this game. There are piece-specific abilities that a player can use in order to increase one of the piece's movements or to protect the king, for example. There is also a battle system. In standard chess, if a piece moves onto the same space as an opponent's piece, the opponent loses that piece. In this game, if two pieces move onto the same space there is a turnbased battle system that decides if the piece is captured or not.
Criteria for Comparison
Several objects for the chess game were developed in both 3D Studio Max and Blender. The pawn was created first. The pawn development effort was used to test the basic features of each program with a fairly simple object. Texture was also applied to the pawn, in order to test the ease of use for the texturing process. After the pawn was completed, more complex pieces, including the knight and rook, were built using both tools. This development of complex pieces allowed for comparison of more advanced features, as well as comparison of the finished product for more complicated objects. In this section describes the criteria for comparing Blender and 3D Studio Max
Ease of Use
Ease of use is an important feature when choosing a modeling tool [7] . Ease of use includes the intuitiveness of the controls, as well as the length of the learning curve. The user needs to learn the most common controls, including hot keys and menu navigation, as well as how to quickly and accurately manipulate an object. A short learning curve allows the user to become proficient more quickly. An easy to use tool will expedite the modeling process, allowing the user to be more efficient.
Textures
Texture application can be incorporated into the ease of use, but is important enough to warrant its own section. Textures are an important part of most games, although the case study game does not make extensive use of them [4] . Textures add depth to otherwise plain objects, and can easily make a simple object more interesting. A modeling tool that allows for the easy application of textures can save the user time. This is especially true for designers who require a large number of textures for their models and environments.
Finished Product
Ease of use and texture application both play into the finished product. A system that is easier to use may produce a better finished product, provided it has all of the advanced features that are needed for complex objects. This is an important concept when choosing an object modeling program because designers should be able to create models precisely the way they are envisioned.
Use as a Game Development Tool
The use of Blender and 3D Studio Max as game development environments can play heavily into a designer's choice of tool. Some designers need a strong modeling tool which transitions seamlessly into a game development tool. An ideal situation would be one where the program can be for both a modeling and game development, to avoid the need to acquire and learn multiple tools.
Comparison
This section presents the discussion Blender and 3D Studio Max with regards to each of the points of comparison described in section 3.2.
Ease of Use
Any tool will have a learning curve. A short learning curve and easy usability afterwards are preferred in a modeling tool.
Blender
Blender offers an intuitive environment for modeling objects and building games. The modeling process is very efficient because of the hot keys and shortcuts. Making changes to an object is easy. The interface allows the user to first select faces, edges, or vertices and then scale, rotate, or shift them in any direction. Using the hotkeys, the user can lock the direction in which to manipulate an object. This feature lets the user edit models quickly and easily.
The viewport in the Blender interface is controlled easily by hotkeys or menus, allowing the user to view the object from many angles and distances. Simple and comprehensive camera control ensures that mistakes can be found more easily.
Blender's installed base adds to its ease of use. There are many online sources for help, and both professionals and hobbyists contribute to these sites. There are forums, threads, videos, and blogs all dedicated to helping people become more proficient with Blender. If there is something a user does not know how to do, one of these sources often provides a solution.
3D Studio Max
3D Studio Max provides a less intuitive environment than Blender. It relies heavily on menus which makes it easier to navigate initially, but slows progress considerably as the project progresses. Editing an object in 3D Studio is very similar to editing an object in Blender; however, the extrude function is unintuitive. An extrude function is used to select a face and move and manipulate it in while it is still connected to the original face via new edges and faces. A problem with the extrude function in 3D Studio Max emerged when the horns for the knight piece were created. A horn started with a cylinder as a base and then through several extrusions, was built higher and thinner until it came to a point. The extrude function tended to polygonize the faces of the cylinder, changing it from a cylinder to a many sided object (see Figure 1, inset) . The visual quality of the horn suffered as a result. 3D Studio Max provides an additional extrude function called "extrude along spline." This extrude function automatically extrudes the selected face in segments which retain the smoothness of the original face. The user is then prompted to select the desired number of segments and how sharply the extrusion tapers. These options give the user a lot of control over the size and shape of the extrusion.
3D Studio Max has four viewports initially, and more can be added. Viewports can also be removed. Having multiple viewports lets the user see objects from several angles as they are edited. This method can be quicker than Blender's method of editing and then looking at the object from different angles. The drawback of the multiple viewports in 3D Studio Max is controlling them. There is a navigation cube in each viewport (see Figure 2) . The feature is designed for the user to click somewhere on the cube, and the viewport responds by rotating to focus on the clicked point. This is an interesting idea in theory, but in practice it is unwieldy and difficult. The user is able to shift the view in other ways, but if the user shifts the view then rotates using the cube, it often times puts the object out of view or into a view that is nearly inside the object.
Textures
Textures give depth and substance to objects that may otherwise look bland. To test the use of textures in Blender and 3D studio Max a simple scale armor texture was applied to the pawn in both programs.
Blender
Applying textures in Blender was difficult as a first time user because the process was unintuitive. Selecting the area to texture, and selecting the texture to add, resulted in a warped texture pattern in some places, and unaligned tiling in others. To overcome these issues, the texture was reapplied using a technique that involved "unwrapping" the faces of the object. Unwrapping means that Blender laid the faces out side by side instead of in the usual 3-Dimensional way. This technique allowed the texture to be positioned in a certain way over the faces. This did not immediately solve the problem with the texturing because the layout of the faces was unpredictable. Eventually, through trial and error, the faces were aligned in a way that allowed the texture to be placed across the "unwrapped" faces. Unfortunately, a tiling effect on the faces was still noticeable. Each face was modified individually to make the tiling look seamless, but the result was not perfect. In the end, applying a texture to a fairly simple object took much longer than anticipated. Applying multiple textures to many different pieces would be very time consuming. The results of this effort were unsatisfactory (see Figure 3 , right). An additional unwrap option called LSCM (Least Squares Conformal Map) is available in Blender. This option laid out the faces of the object much more predictably. Before unwrapping, Blender allows the user to set which edges should be used as seams. This gives the user even more control over how the object is unwrapped.
3D Studio Max
3D Studio Max provided an environment for textures that was simple and efficient. Selecting the appropriate faces on an object, and then selecting a texture gave an excellent result (see Figure 3 , left). The texture was not noticeably tiled. Instead, it was pieced together in an elegant way and then stretched across the selected faces. 3D Studio Max also provided options for increasing or decreasing the size of the texture. The texture color could also be easily changed. In summary, applying a texture in 3D Studio Max was easier and produced a better result when compared to applying textures in Blender.
Finished Product
Initially the pieces built using 3D Studio appeared to be of a higher quality than those built in Blender (see Figure 4) . This was especially noticeable for the first pieces that were developed, such as the knight piece (see Figure 1) . However, as the user gained experience, the difference in the finished objects became less noticeable. This is embodied in the rook piece which looks nearly identical in both programs (see Figure 5 ). This may have to do with the ease of use of the two tools. With Blender, learning the controls was easy and the user quickly became proficient at developing simple objects. With 3D Studio Max, it took the user took longer to develop the confidence to attempt more difficult objects. After sufficient experience in either tool, the user was able to develop complex, high-quality game objects. 3D Studio Max does not have a game engine built into it, so it is necessary to get a game programming tool that will accommodate objects built in 3D Studio Max. Not having a game engine also adds overhead; the user needs to export objects from 3D Studio Max and import them into another program.
Discussion
Blender was selected for both object modeling and game development for completion of the game used in this case study. By building game pieces of varying complexity in both Blender and 3D Studio Max, it was determined that Blender is more user friendly and has a larger support community. The fact that Blender has a built in game engine whereas 3D Studio Max requires a supplemental program also weighed heavily into the decision. Textures are much easier to use in 3D Studio Max, but they do not appear in this game frequently enough for texture support to be a deciding factor. Both tools can be used to develop high quality products. For a small team, an open-source tool is preferred over a commercial tool.
There are situations in which 3D Studio Max may be preferable. If the team is already familiar with modeling tools, then learning how to use 3D Studio Max effectively would be easier [2] . Such a team would benefit from the power of 3D Studio Max. Furthermore, if a project requires the use of many textures, 3D Studio Max would be a more logical choice.
Conclusion
Blender and 3D Studio Max are graphical modeling programs. Blender is easier for a first time designer, but 3D Studio Max produces more polished finished designs. In Blender it can be difficult to apply textures. 3D Studio Max lets the user quickly and easily apply textures to objects. Blender lends itself to game development because it has a built in game engine. This removes the overhead of exporting and importing objects. 3D Studio Max incurs the overhead that Blender avoids because 3D Studio Max does not have a built in game engine. Blender is a better choice for small teams who need an affordable and easy to use modeling tool and game development environment.
